) interacts with the RNA binding protein Nanos (Nos) to of larvae that carried both P{GAL4-nos.NGT}40 and a form a localized translation repression complex esreporter gene, UAS-mCD8-GFP, suggesting that the nos sential for anterior-posterior body patterning in early promoter is active in da neurons. Similar neuron-specific embryogenesis [4]. Whether dendrite morphogenesis expression was also observed with nos-GAL4::VP16, requires similar translational regulation is unknown. which was inserted into a different chromosome and Here we report that nos and pum control the elaborayielded some segment-to-segment variations in the extion of high-order dendritic branches of class III and pression pattern. IV, but not class I and II, dendritic arborization (da) neurons. Analogous to their function in body patterning, nos and pum require each other to control nos and pum Are Essential for the Morphogenesis dendrite morphogenesis, a process likely to involve of High-Order Dendritic Branches translational regulation of nos itself. The control of Overexpression of nos-tub3ЈUTR in class III and class dendrite morphogenesis by Nos/Pum, however, does IV neurons ( Figures 2E and 2H ), but not class I neurons not require hunchback, which is essential for body ( Figure 2B ), dramatically changed dendrite morphology patterning. Interestingly, Nos protein is localized to compared with the control (Figures 2A, 2D , and 2G), RNA granules in the dendrites of da neurons, raising in which only the reporter gene UAS-mCD8-GFP was the possibility that the Nos/Pum translation repression overexpressed. In both class III and class IV neurons, complex operates in dendrites. This work serves as an the number of high-order dendritic branches was signifientry point for future studies of dendritic translational cantly reduced while the morphology of the major control of dendrite morphogenesis.
alter dendrite morphology (data not shown), as asnos and pum Act Together in Dendrite Morphogenesis
Given the similar dendrite phenotypes of nos and pum sessed from the total length of dendrites ( Figure 3H ) and quantitation of dendritic order ( Figure 3I ). In contrast, mutants, we wondered whether there is a mutual requirement of nos and pum for dendrite morphogenesis, in class III neurons lacking nos or pum function, the characteristic dendritic spikes were significantly elonas in embryogenesis [21] . We first tested whether pum function is required for nos overexpression to eliminate gated ( Figures 3A, 3B, and 3C ), but the order of dendrites and the length of major dendritic branches (all dendrites high-order dendritic branches in class IV neurons. Indeed, when nos was overexpressed in a pum null backexcept dendritic spikes) were indistinguishable from those of wild-type neurons. Whereas around 2%-10% ground ( Figure 4A , part c), the high-order dendritic branches were not as drastically reduced as those in the of dendritic spikes of wild-type ddaA neurons are longer than 10 m, loss of nos or pum function caused about case of nos overexpression in a wild-type background ( Figure 4A, part b) . We then reasoned that, if nos and 10%-30% of spikes to be longer than 10 m in about 50% of ddaA neurons ( Figure 3D) . pum require each other in regulating dendrite morphogenesis, the dendrite phenotypes of pum, nos double Class IV neurons deficient for nos or pum function also exhibited abnormality in their dendrites. The dendrites mutants should resemble those of single mutants of nos or pum. We employed MARCM analysis to examine the of wild-type class IV neurons cover the epidermis in a complete but nonoverlapping fashion and thereby "tile" dendrites of da neurons mutant for both nos and pum. Eliminating both nos and pum functions in class I da the body wall [15] ( Figure 3E ). Incomplete coverage of the epidermis was observed in 20% of neurons mutant neurons did not result in any defect in dendrite morphology ( Figures 4B, part a, 3H, and 3I ). The number of for nos (3 in 15) ( Figure 3F ) and about 15% of those mutant for pum (4 in 26) ( Figure 3G ) as a result of the long dendritic spikes in class III neurons was increased ( Figure 4B , part b) to a similar extent as in the nos reduction of higher-order branches. Therefore, both nos and pum are required for the proper morphogenesis of and pum single mutants ( Figure 3D ). Moreover, we also observed incomplete innervation of the territory in 18% dendrites, especially the high-order dendritic branches, in a cell type-specific manner.
of neurons mutant for both nos and pum (5 in 28 clones), ing for the RNA targets of the Nos/Pum complex in 1), it was difficult to examine Nos distribution in neuronal processes situated near muscle. To circumvent this our ongoing genetic screen for dendrite development. Moreover, the epitope-tagged Pum RNA binding dotechnical problem, we generated a transgene of Nos fused to an HA-epitope tag at the N terminus and exmain, which is sufficient for Pum function in dendrites ( Figure 5B), will be a useful tool for biochemically identipressed it in da neurons, but not muscles, by using the GAL4/UAS binary system. HA-Nos is localized to fying the RNA targets. distinctively punctuate structures in both soma and dendrites (
Figure 5B (nos-tub3ЈUTR) , thereby removing the TCEin the nervous system [26] . There have been no gross dependent translational suppression of the nos transanatomical defects observed in mice deficient for nos1 gene [24] . To examine whether a mechanism analogous [25] . In light of our study, it would be of interest to to that for the translational repression of nos in the emconduct a detailed investigation on neuron morphology bryo exists in da neurons, we used a GAL4 driver with single-cell resolution to ascertain whether these (GAL4 ) to ectopically express nos-tub3ЈUTR mRNA mice exhibit any defects in dendrite morphology, espeinserted with the nos TCE (nos-tub:nosϩ2) [24] . The nostub3ЈUTR and nos-tub:nosϩ2 transgenes have been cially of high-order dendritic branches. It is also impor- tant to determine whether nos2 and nos3 are expressed control complex, possibly in dendrites. This study could serve as a starting point for future identification and in the nervous system and if their functions are redundant to those of nos1. Two pum genes, pum1 and pum2, characterization of molecules regulating local translation in both Drosophila and mammalian dendrites. have been cloned in both mice and humans [22, 27] ; both genes are expressed in the brain [27] . It will be interesting to see whether these genes take on separate 
